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CLAIMS: , 

1. Na. nucleic acid encoding the carboxy-terminal portion of the heavy chain 
(He) of WstuHnum neurotoxin (BoNT) selected from the group consisting of BoNT 
serotype A BoNT serotype B, BoNT serotype Ci, BoNT serotype D, BoNT 
serotype E, BoNT serotype F, and BoNT serotype G, wherein said nucleic acid is 
expressable in\ recombinant organism selected from Escherichia coli and Pichia 
pastoris. 

2. The nucleic\acid-e£-«taim 1, wherein said nucleic acid comprises a nucleic 
acid sequence selecte^from SEQ ID No:l (serotype A), SEQ ID No:7 (serotype B), 
SEQ ID No:9 (serotypkci), SEQ ID No: 11 (serotype D), SEQ ID No: 13 (serotpye 
E), SEQ ID No:15 (serot^^e F), and SEQ ID No:17 (serotype G), 

3. The nucleic acid otMaim 1, wherein the nucleic acid encodes an He amino 
acid sequence of BoNT selected from SEQ ID No:2 (serotype A), SEQ ED No:8 
(serotype B), SEQ ID No: 10 (^rotype C,), SEQ ID No: 12 (serotype D), SEQ ID 
No: 14 (serotpye E), SEQ ID No: ^(serotype F), and SEQ ID No: 18 (serotype G). 



4. A nucleic acid, encoding the amino-terminal portion of the heavy chain (Hn) 
of botulinum neurotoxin (BoNT) seltected from the group consisting of BoNT 

20 serotype B, BoNT serotype C, , BoNT seWype D, BoNT serotype E, BoNT serotype 
F, and BoNT serotype G, wherein said nutleic acid is expressable in a recombinant 
organism selected from Escherichia coli ana. Pichia pastoris. 

5. The nucleic acid of claim 4, wherein >said nucleic acid comprises a nucleic 
acid sequence selected fronTSEQID No:21 (serotype B), SEQ ID No:23 (serotype 

25 Ci), SEQ ID No:25 (serotype D), SEQ ID N^:27 (serotpye E), SEQ ID No:29 
(serotype F), and SEQ ID No:31 (serotype G). 

6. The nucleic acid of claim 4, wherein the nudJeic acid encodes an Hn amino 
acid sequence of BoNT selectStW^om SEQ ED No:22y(serotype B), SEQ ID No:24 
(serotype d), SEQ ID No:26 (serotype D), SEQ ID No:28 (serotpye E), SEQ ID 

30 No:30 (serotype F), and SEQ ID No:32 (serotype G). 
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7, The Vucleic acid of any one of claim sj, 3, 4 , or 6, wherein the sequence of 
the nucleic acid is designed by selecting at least a portion of the codons encoding He 
from codons pr&ferred for expression in a host organism. 

8. The nuclei^ acid of-^Umm^ the host organism is selected from gram 
negative bacteria, yWst, and mammalian cell lines. 
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9. The nucleic ac\d of^laim 8, wherein the host organism is Escherichia coli or 
10 Pichia pastoris. 

10. The nucleic acid di any one of claims^^4j_4^r 6, wherein the nucleic acid 
sequence encoding He is dbsigned by selecting codons encoding He which codons 
provide He sequence enricheU in guanosine and cytosine residues. 

15 

11. The nucleic acid of any\)n^ of claims 1, 3, 4, or 6, wherein said nucleic acid 
is a synthetic nucleic acid. 

12. The nucleic acid of any onAof claims4^4, or 6, wherein said nucleic acid 
20 encoding He or Hn is expressed \n\ recombinant host organism with higher yield 

than a second nucleic acid fragment tencoding the same He sequence, said second 
nucleic acid fragment having the wild-^e Clostridum botulinum sequence of He. 

13. An expression vector comprisingVhe nucleic acid of any one^trf-olaims 1, 3, 
25 4, or 6, whereby He or Hn is expressed \pon transfection of a host organism^ith 

said expression vector. 

14. A method of preparing a polypeptide comprising the carboxy-terminal 
portion of the heavy chain (He) of botulinUm neurotoxin (BoNT) or the amino- 

30 terminal portion of the heavy chain (Hn) of b(9tulinum neurotoxin (BoNT) selected 
from the group consisting of BoNT serotype A BoNT serotype B, BoNT serotype 
C, BoNT serotype D, BoNT serotype E, BoNT Wrotype F, and BoNT serotype G, 
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said met\od comprising culturing a recombinant host organism transfected with the 
expressioAvector of claim 13 under conditions wherein He or Hn is expressed. 

15. The method of claim 14, wherein the recombinant host organism is a 
5 eukaryote. 

16. The methodyof cl^^n^, further comprising recovering insoluble protein 
from said host organism, whereby a fraction enriched in He or Hn is obtained. 

10 17: The method of cl\im 16, wherein said host organism is Pichia pastoris, 

18. An immunogenic composition comprising the carboxyxterminal portion of 
the heavy chain (He) of bdtulinum neurotoxin (BoNT) selected from the group 
consisting of BoNT serotypA A, BoNT serotype B, BoNT serotype C, BoNT 

15 serotype D, BoNT serotype E, BbNT serotype F, and BoNT serotype G. 

19. The immunogenic compo^tion of claim 18, wherein He is prepared by 
culturing a recombinant organism a^a^fected with an expression vector encoding 
He. 

20 

20. The immunogenic composition \f clainrt9, wherein an insoluble protein 
fraction enriched in He is recovered from ^id recombinant organism. 

21. An immunogenic composition comprising the amino-terminal portion of the 
25 heavy chain (Hn) of botulinum neurotoxiiA (BoNT) selected from the group 

consisting of BoNT serotype A, BoNT seroVpe B, BoNT serotype C, BoNT 
serotype D, BoNT serotype E, BoNT serotype F, ^d BoNT serotype G. 

22. The immunogenic composition of cl^iiii^, wherein Hn is prepared by 
30 culturing a recombinant organism transfected with ^ expression vector encoding 

Hn. 
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23. \The immunogenic composition of claim 22, wherein an insoluble protein 
fractionVnriched in Hn is recovered from said recombinant organism. 
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24. An immunogenic composition comprising a polypeptide comprising epitopes 
contained inVhe carboxy-terminal portion of the heavy chain (He) of botulinum 
neurotoxin (b\nT) or the amino-terminal portion of the heavy chain (Hn) of 
botulinum neurotoxin (BoNT) selected from the group consisting of BoNT serotype 
A, BoNT serotypd^, BoNT serotype C, BoNT serotype D, BoNT serotype E, BoNT 
serotype F, and bVnT serotype G, said epitopes eliciting protective immunity 
toward the respective^oNT serotype. 
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25. The immunogenV composition of ,clmm^24, wherein, said inununogenic 
composition elicits an ELISA response to the respective BoNT serotype in an 
animal, said ELISA response being detectable upon 100-fold dilution of serum from 

15 said animal. 

26. An immunogenic composition comprising a protein containing at least a 
portion of a botulinum neurotxin (BoNT) sequence, said BoNT being selected from 
the group consisting of BoNT serotype A, BoNT serotype B, BoNT serotype C, 

20 BoNT serotype D, BoNT serotype E,>BoNT serotype F, and BoNT serotype G. 
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27. The immunogenic composition W-claiiTi^26, wherein said portion of BoNT 
sequence elicits an ELISA response to tlte respective BoNT serotype in an animal, 
said ELISA response being detectable up^n 100-fold dilution of serum from said 
animal. 



28. The immunogenic composition of claim 26, wherein said protein is a fusion 
protein further comprising a non-toxic polypeptrtie^quence. 



30 29. The immunogenic composition^^^bt^aim ^6, wherein said composition is 
endotoxin free. 
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30. immunogenic composition of clainL.26^herein the portion of BoNT 

sequence\s a portion of carboxy-terminal heavy chain (He) sequence or amino- 
terminal hea^y chain (Hn) sequence. 
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o 1 . A nucle\ acid encoding a protein containing at least a portion of a botulinum 
neurotxin (BoNT)\sequence, said BoNT being selected from the group consisting of 
BoNT serotype A, IBoNT serotype B, BoNT serotype C, BoNT serotype D, BoNT 
serotype E, BoNT serotype F, and BoNT serotype G. 

10 32. The nucleic acidXof cmii<31, wherein said protein containing at least a 
portion of BoNT sequence elicits an ELISA response to the respective BoNT 
serotype in an animal, said I^LISA response being detectable upon 100-fold dilution 
of serum from said animal. 

15 33 . An expression vector comprising the nucleic acid of clMnj^SL 

34. A recombinant host cell containing the expression vector of cl^^n33. 

35 The recombinant host cell ofXclaim 34, wherein said host cell expresses a 
20 protein containing at least a portion Yf~BoNT sequence, said portion of BoNT 
sequence containing at least one protective epitope of the respective BoNT serotype. 
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36. The recombinant host cell of claiA34, wherein said host cell expresses a 
protein containing at least a portion of BoNT^quence, and wherein said protein 
elicits an ELISA response to the respective BCNT serotype in an animal, said ELISA 
response being detectable upon 100-fold dilutidn of serum from said animal. 
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37. The recombinant host cell 6f-el^ 34, therein said host cell expresses a 
protein containing at least a portion of BoNt^eqVnce, said protein making up at 
least 0.75% of the total cellular protein. 
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38. The red&nbinant host cell ofcT3im:54j wherein said host cell expresses a 
protein containing^aApast a portion of BoNT sequence, said protein making up at 
least 20% of the total cellular protein. 
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